INTRODUCTION
Recently, distributed MIMO system has become attractive due to its high capacity and spectral efficiency in rich scattering environment. In MIMO system, with multi-element antenna arrays at both transmitter and receiver, independent data streams share the same frequency bands and time slots and thereby to increase the spectral efficiency enormously. To achieve these advantages, estimation of frequency offsets plays an important role in MIMO system. This is because in wireless communication, the existence of frequency offsets due to the mismatch between the transmit and receive oscillators and Doppler effect will directly influence the received signal and it is much more complicated and important to estimated frequency offsets in a MIMO system. It has higher request for synchronization.
Reference [1] introduces the algorithm about channels, frequency offsets and time delays joint estimation. But its frequency synchronization is not optimal theoretically. Especially, to solving estimation of frequency offsets, [2] addresses the problem of frequency offsets estimation based on correlation in the presence of unknown channel information which uses orthogonal sequences, but the performance can not achieve CRB when SNR is increasing. Reference [3] puts a maximum-likelihood (ML) estimation algorithm for frequency offsets which investigates the CRB of parameters, and its performance could achieve CRB when SNR is increasing. But the performance will be influenced when SNR is lower. Reference [4] proposes a method based on the expectation conditional maximization (ECM) and space-alternating generalized expectation-maximization (SAGE) algorithm. Essentially, it is a maximum-likelihood estimation algorithm. The algorithms in [1] - [4] do well in estimation of frequency offsets, but none considers the prior information to improve performances.
Usually, the prior information is not considered during the estimation of frequency offsets, so the optimal estimation algorithm is ML estimation. Attentively, in [5] , it considers a synchronization method based on prior information of frequency offsets in the collaborative communication system. This method can improve the performance of synchronization when the SNR is low. Although [5] consider prior information, how to get the prior information, how to choose the distribution of prior information and use it to estimate the frequency offsets in distributed MIMO system is worth to investigating.
According to the discussion above, this paper proposes the maximum a posteriori estimation algorithm which considers the prior information of frequency offsets in the distributed MIMO system. The CRB of frequency offsets is derived. The variance of prior information will be got according to the range of frequency offsets. Under this analysis, we can get the MAP estimation of frequency offsets and the quasi MAP estimation can be derived also. Consideration of prior information and data samples, simulation illustrates that algorithm adapts the frequency synchronization in distributed MIMO system, and improves the performance of estimation. This paper is organized as follows. Section II proposes the model of system. Section III derives the CRB of parameters. Meanwhile, the MAP and quasi-MAP estimation for frequency offsets are to be proposed. Section IV analyzes the simulation performances. Section V concludes this paper.
II. SYSTEM MODEL
In this paper, we consider the distributed MIMO system under flat-fading channels. Let us therefore consider a MIMO system with T M transmitter antennas and 
where l E is a diagonal matrix with [ ] 
is channel gain which is assumed to be unknown constant that do not change
CN σ ∈ ω 0 I is the complex Gaussian noise vector.
III. MAP ESTIMATION ALGORITHM

A. Prior Information of Frequency offsets
In practice, frequency offset may be a random variable during the varying of environment such as time and temperature and so on. In [7] , based on Maximal Data Information Prior Distribution (MDIP) and generalized maximum entropy principle, it is widely recognized that the prior distribution to be choose should make the entropy maximal when there is no definite prior information.
Actually, frequency offset locates in a limited symmetry range. According to [6] , we can assume that the frequency offset k ε is a random variable which has zero mean and its variance is
. Based on [7] , if a random variable has continuous distribution in the range of ( , ) −∞ +∞ , and its mean and variance are limited, then the maximal entropy distribution is the Gaussian distribution. So this paper assumes the frequency offset is Gaussian distribution with zero mean. That is
How to get the variance of prior information is still a problem. Under the theory of triplication standard variance, if B. CRB Define the vector of the parameters to be estimated
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Im H denote the real part and imaginary part of channel matrix.
The CRB is defined to be the diagonal entries of inverse Fisher Information Matrix (FIM). The FIM [8] is expressed in the following form
The variance of noise is independent with parameters. Therefore there is a formula written as
where the ( ) ω C θ denotes covariance matrix of noise, and
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The asymptotic CRB [4] can be rewritten as
where
Additionally, the second term in (2) is
where ( ) ( )
is the log-likelihood probability density function of the prior distribution of frequency offsets. The matrix FIM ε is only nonzero in the last 
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C. MAP Estimation for Multiple Frequency offsets
To calculate the MAP estimation of frequency offsets, it is actually to find ( )
where ( ) p ε y is the post probability density function of vector ε , which can be written as
( ) p y ε is the conditional probability density function of received signal. Particularly, there are two functions as follows ( )
( ) ( ) ( )
The log-likelihood function of ( ) ( )
let us denote 
so (13) can be simplified as ( )
then MAP estimation for multiple frequency offsets in distributed MIMO system can be expressed as follow
D. Quasi-MAP Estimation for Frequency Offsets
From (16), we know this MAP estimator requires a T M -dimensional search over the frequency range of interest, the first term is the ML estimator for multiple frequency offsets and the second term is provided by the prior information of frequency offsets which is independent of data samples.
When the interferences are increasing or the length of pilots is short, it would influence the performance of estimation evidently. Considering prior information and data information, the MAP estimation can compensate the loss of performance when the data information is not enough.
According to (8) , there is ( ) ( )
Therefore, whatever prior information is can improve the performance of estimation based on Bayesian theory.
The ML estimation is ( ) ( )
According discussion above, it tells us that if there is a estimation value from the received samples, we can use the factor to modify the estimation value and use it to replace the MAP estimation which considers the prior information. Obviously, the proposed method has lower complexity.
IV. SIMULATION RESULTS
Under the theory of triplication standard variance, the variance can be estimated. Based on prior information of frequency offsets, the MAP estimation for frequency offsets in distributed MIMO system could be achieved. ECM algorithm [4] is used to solve the ML function.
We evaluate the MIMO system for several different pairs transmit and receive antennas in a flat fading environment, mainly for the number of transmitter antennas M=2 and 4. For clear illustration, only results associate with the 1 st transmitter and 1 st receiver pair are displayed.
The performance of proposed algorithm in term of mean squared error (MSE) is compared with CRB and existing methods of ML and MAP estimation algorithms.
A. The First Example : 2 1 × Distributed MISO System
We consider a 2 1 × distributed MISO system under the flat fading channels. During the evaluation, the length of pilot sequences from the transmitter antennas is N=16. We also use the method in [2] to have the initialization values for frequency offsets. Each training sequences is taken from a row of Hadamard matrix with appropriate size. Hence we can consider that it consists P repetitive blocks. Correlator length is taken as 8. Fig.1 shows comparison of performances which include the ML estimation, MAP estimation, quasi-MAP estimation and CRB. The frequency offsets are limited in the range of (-0.05, 0.05). The variance of frequency offsets is confirmed by triplication standard variance principia.
From the figure, it illustrates that MAP estimation which is based on prior information of frequency offsets can improve the performance obviously.
Although the quasi-MAP estimation performs worse than MAP estimation a little, it has lower complexity and only needs to modify estimation value from the received samples. It is easy to joint the prior information and received samples together. On the one hand, when SNR is higher than 5dB, the MSE of MAP estimation, quasi-MAP estimation and ML estimation can approach the CRB. On the other hand, when SNR is lower than 5dB, the performance of MAP estimation and quasi-MAP estimation are better than ML estimation remarkably. Furthermore, the CRB with prior information is below the CRB without prior information can also prove this situation. Above all, the quasi-MAP estimation implements easily and will not bring additional spending. Compared with ML estimation, the MAP estimation can advance the performance especially in low SNR environment.
B. The Second Example: 4 1 × Distributed MISO System
Let us consider the more transmitter antennas of distributed MISO systems. The same as the first example, we get simulation results as follow in a 4 1 × distributed MISO system. Even the number of transmitter antennas is increasing up to two times as much as the first example. For 4 1 × MISO system, Fig.2 tells us that the MAP estimation and MAP estimation can also approach the CRB and improve the performance evidently compared with ML estimation, especially in low SNR area which is similar with the first example.
Besides, it is necessary to point out that the prior information will play a more important role if the length of pilot sequence is short or the interference is terrible.
V. CONCLUSION
In this paper, by making use of the prior information of frequency offsets, a novel quasi-MAP estimation algorithm for multiple frequency offsets in distributed MIMO system is proposed. Based on generalized maximum entropy principle, we choose prior distribution is Gaussian distribution. And then according to triplication standard variance, the variance of frequency offsets will be estimated coarsely. Finally, the quasi-MAP estimation for frequency offsets can be carried out which only needs to modify the estimation value by a factor. Considering prior information and data information, this algorithm can improve the performance of frequency synchronization obviously. The MSE performance can achieve the CRB. Furthermore, compared with ML estimation, it also can advance the estimation performance remarkably, especially in low SNR area. And it has lower complexity than MAP estimation.
